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Abstract. Brucellosis, although eradicated in the developed countries, is still endemic in 
low income countries with serious consequences for human health and livestock production. In 
this study, we examine the evidence and knowledge about brucellosis in humans and domestic 
ruminants in the Maghreb countries over the last decade using a systematic review approach. Our 
study reveals that the Maghreb countries still record the highest brucellosis incidence rate in the 
world in both human and animal populations. The overall herd and individual seroprevalence of 
brucellosis in small ruminants is estimated at 15.11% and 4.31% for sheep and 20, 83%, 4.18% 
for goats, respectively. Brucellosis in cattle revealed a herd and individual seroprevalence of 17% 
and 6.60%, respectively. In humans, the annual incidence rate per million populations is evaluated 
at 143.65 cases. This data is much more underestimated due to passive collection and under-
reporting cases. Control measures, including vaccination and testing and slaughter measures 
implemented for decades, have not yet made real incidence mitigation. Husbandry systems 
related to mixed species breeding and animal movement as well as weak breeders’ involvement 
make brucellosis difficult to eradicate. Given the low financial resources of these countries and 
the complexity of test and slaughter programs, the application of vaccination for all livestock is 
the best choice for decreasing the disease burden.   




Brucellosis is a major zoonotic infectious disease affecting various animal species 
and humans. It’s characterized by great public health concern, important economic losses 
and represents a major obstacle to the free animal movement and trade (Seleem et al, 
2010; Zhang et al, 2018; Khan et al, 2018). It is caused by many gram-negative bacteria 
species belonging to the Brucella genus which demonstrate a wide host preference 
(Holzapfel et al, 2018; Kolo et al, 2019) 
The status of brucellosis varies around the world. In industrialized countries, 
brucellosis has been eliminated or has an insignificant individual incidence due to 
effective animal control and vaccination programs, including the regular test-and-
slaughter (T/S) of infected livestock (Olsen and Tatum, 2010; Pérez-Sancho et al, 2013). 
However, in the Middle East, Latin America, South and Central Asia, and North and 
East Africa, this disease remains a major zoonosis (Shoukat et al, 2017; Bagheri Nejad 
et al, 2020).In these areas, ingestion of raw milk products remains a significant source 
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of infection to humans (McDermott et al, 2013; Zhang et al, 2018; Hamiroune et al, 
2020).  
Animal to animal transmission can occur by inhalation (associated with the 
potential aerosol dissemination of brucella) or through ingestion of water and food 
contaminated by brucella and through natural mating (Barbosa, 2017; Saeed, 2019; 
Ferrero, 2020). The disease is transmitted to humans by consumption of unpasteurized 
dairy products and direct or indirect contact with infected animals during parturition or 
abortion, (Abd El‐Wahab et al, 2019; Dadar et al, 2020) the personnel who work with 
animals, particularly farmers and veterinaries, present a high risk of contamination 
(Bamaiyi et al, 2017). 
In cattle, brucellosis causes abortion, reproductive disorders and reduces milk 
production. (Pal et al, 2017; Abunna et al, 2018). While in humans, it’s characterized by 
debilitating illness, undulant fever and influenza-like symptoms. In general, clinical 
signs are polymorphous and multiple complications affecting many organs can be 
observed (Tsolia et al. 2002; O’callaghan, 2020). Brucella melitensis (B. melitensis) is 
the principal pathogen species of humans, predominant around the Mediterranean region 
(Foster et al, 2018). 
In addition to their economic impact and zoonotic risks, Brucella spp are 
moreover source of concern because they are considered as bioterrorism organism due 
to their ability to pass through intact skin and all mucous membrane, to disseminate via 
aerosol particles, to its low infectious doses (10–100 bacteria) and possible human to 
human transmission (El-Sayed and Awad, 2018; Olsen et al, 2018).  
In the North African region, brucellosis still remains one of the great 
preoccupation diseases for the livestock industry and human health alike, despite the 
different program strategies that were implemented to control the disease (Lounes et al, 
2014; Lemnouer et al, 2017; Rossetti et al, 2017) 
This review examines the evolution of the epidemiological situation of brucellosis 
in human population and domestic ruminants over the last decade in the Maghreb 
countries (Algeria, Morocco and Tunisia), describing the implemented control strategies 




Search strategy and eligibility criteria 
A structured Literature review was performed according to the PRISMA 
guidelines (Moher et al, 2015). A conjunction of keywords was used for searching 
relevant papers from the reputable databases engine of Google Scholar, PubMed, African 
Journals Online, and Science Direct. The keywords concern 1) the infectious agent 
(brucellosis or brucella biovar or brucella), 2) the population nature (humans or 
livestock or bovine or ovine or caprine or goat or cattle or sheep), 3) the study area 
(Algeria or Morocco or Tunisia or Maghreb), 4) focus (prevalence or seroprevalence or 
incidence or risk factors). Inclusion criteria were established based on the study type and 
the study design (target population, area and period) and included: Peer-reviewed 
original research papers written in English or French, performed about brucellosis in 
humans or/and domestic ruminant (cattle, sheep and goat), in the Maghreb and 
conducted between 2010 and 2020. All the reference lists of the acquired papers were 
examined to search for further articles not found per databases search. 
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Data and statistics about brucellosis have also been retrieved from agriculture and 
sanitary official websites of the Maghreb countries; DSSB (directorate of basic health 
care, Tunisia), INSP (national institute of public health, Algeria) and MADR (Ministry 
of Agriculture and Rural Development, Algeria). 
Data extraction and collection 
Relevant data were extracted in the pre-prepared Excel data-sheet. Data 
concerning the author’s name, article title, year of publication, study area, study year, 
study population, sampling method, sample size, diagnostic tests and 




Landscape  and climate  
The Maghreb extends over more than 3.3 million km2. It’s crossed by the Atlas 
mountain range for more than 2,000 km. A large part of this region is made up of desert 
lands, namely 84% of Algeria and 40% of the total area of Tunisia. However, the 
Maghreb countries also have many fertile lands, especially on the coastal plains, in the 
forested and bordering mountainous parts. This region has a Mediterranean climate in 
the northern part, Saharan in the southern part and oceanic in the west. It is an arid to 
semi-arid region, very contrasted in meteorological terms. Temperatures vary seasonally 
from 0 ° C to 45 ° C, depending on latitude and proximity to the coast. Rainfall is very 
low, especially in the desert and steppe regions and does not exceed 400 millimetres per 
year, but is higher in areas further north. Precipitation is irregular and is concentrated 
only over a few days in the year. Rainfall is therefore a limiting factor for agricultural 
practices in the Maghreb countries, particularly for pastoral production, which is highly 
dependent on the grazing resource (Deleule, 2016). 
Human population and area 
The Maghreb countries cover an area of 3 million km2, of which 31% are pasture 
and prairie. It has a population of approximately 84 million people, with two-thirds living 
in large cities and one in rural areas. 
Ruminant population 
The global ruminant livestock population amounted to about 73.8 million head in 
2020, including 11.8 million head of cattle, 56 million sheep and 5.9 million goats (FAO, 
2020). It produces about 6.3 billion liters of milk (82% of the total consumption) and 6 
million quintals of red meat (92% of the total consumption) (Sraïri et all, 2011, 2013; 
Kaouche-Adjlane et al, 2015; Soethoudt et al, 2018;El-Karimi and El-Ghini, 2020) 
Small ruminants breeding: commonly made of mixed sheep and goat herds. Until 
the years 1970-80, the extensive breeding of pastoral types dominated in the Maghreb 
countries, marked by the mobility of herds and men and by the collective use of steppes 
(Deleule, 2016). Nowadays, farming practice has changed considerably following the 
reduction of natural rangelands and the increase of the sheep/goat herd sizes. The use of 
cereal stubble and concentrate has become indispensable. These herds are characterized 
by a great diversity of breeds well adapted to the environment. Lambing is especially 
concentrated in autumn, 30 to 40% of ewe lamb twice a year (fall and spring). Currently, 
4 breeding types predominate in the region: 1) Farmer-breeders; practice agriculture and 
livestock (semi-intensive system)  2) Pluriactive people; practice breeding in addition to 
other activities, in urbanized areas (intensive system)  3) Transhumant pastoralists; 
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characterized by a seasonal migration of livestock and men among highland and lowland 
fields (extensive system) 4) sheep fatteners; specialized in concentrate fattening of lambs 
(intensive system) (Ducrotoy et al, 2015; Yabrir et al, 2015; Deleule, 2016; Jemaa et al, 
2016; Gaouar et al, 2016). 
Cattle breeding: Cattle farming is structured into two farming systems; an 
"intensive" system located in littoral areas with high irrigation potential and around large 
cities. It consists of imported cattle (mainly Holstein and Montbeliarde from Europe) 
and insures more than 60% of the total local milk production. An "extensive" system is 
located in mountain forest areas and steppe regions, organised into small to medium-
sized flocks and composed of local (the local breed "Brown of the Atlas") and crossbreed 
cattle (Sraïri et al, 2011 Amamou et al, 2018; Mouhous et al, 2020). 
Animal health services are provided by private veterinarians and are assisted by 
government veterinarians in the case of obligatory declarable diseases. 
Current situation of human brucellosis 
During the past decade the overall incidence rate of human brucellosis in the 
Maghreb is estimated at 143.65 cases per one million populations (MP) (Table 1) (INSP, 
2017; DSSB, 2019)  
In Algeria, the national incidence of brucellosis is estimated at 244.3 cases per 
MP in 2017. 82% of these cases are identified in rural areas, particularly in the steppe 
regions (1300/MP) where the province of Tindouf recorded the highest national 
incidence rate of 1988.2 cases/MP (INSP, 2017). The bimonthly May-June period has 
the highest monthly incidences, with 778.7 cases/MP (INSP, 2017).The province of 
Ghardaia, a Saharan area with a high density of goat farms, had experienced a major 
epidemic event in 2016 with an incidence rate of 3448/MP. The situation improved 
significantly in 2017 when 507. 2 cases per MP had been recorded (INSP, 2017).  
According to a study performed by Lounes et al (2014) the vast majority of human 
brucellosis cases in Algeria are due to B. melitensis biovar 3 and this biovar is divided 
into two clusters, one cluster (cluster A) related to Moroccan strains closer to the 
European cluster (historical lineage) and the another cluster (cluster B) is linked to the 
Tunisian cluster closer to Maghreb strains (autochthonous lineage) (Lounes et al, 2014). 
In Tunisia, according to the ministry of health, the 2016 annual report indicates 
that the national brucellosis incidence is estimated at 43.5/MP (DSSB, 2016). Gafsa 
district, situated in southwest Tunisia, presents the highest incidence rate in the country 
(308/MP) associated with a high brucellosis incidence in ruminants (Khbou et al, 2018). 
In Morocco, there have been no studies carried out on human brucellosis in the 
last decade. However, probably, the situation in the eastern country is the same as 
Algeria given the border permeability and the permanent flock circulation between the 
two countries, adding to this the lack of a brucellosis control program in this country 
since 2003 (Ducrotoy et al, 2015), which certainly has an effect on increasing animal 
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Table 1 









































































(INSP, 2017 ; 
DSSB, 2019) 
 
1.1. Current situation of livestock brucellosis 
 
Most data for ruminant brucellosis results from serological surveys conducted in 
limited areas. Overall, considering the serological studies performed over the past 10 
years, bovine brucellosis presents a herd and individual seroprevalence of 17% and 
6.60%, respectively (table 2). The herd and individual seroprevalence of brucellosis in 
small ruminants is estimated at 15.11% and 4.31% for sheep and 20, 83% and 4.18% for 
goats, respectively (table 3). The prevalence of brucellosis in livestock varies greatly 
between the three countries, and comparisons are difficult due to limitations in 
serological tests and sampling methods. 
According to Khames et al. (2017), Algerian herd cattle are primarily infected 
with brucella abortus (B. abortus) biovar 3, and secondary by B. abortus biovar 1 and 
B. melitensis biovar 3.The large majority of these isolates were closer to those of the 
European continent. The other B. abortus lineages are different from both European and 
Sub-Saharan Africa strains. However, in small ruminants, according to Lounas et al 
(2014), B. melitensis biovar 3 is the most prevalent strain. 
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Table 2 
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ELISA: Enzyme-Linked Immuno Assay. CFT:  Complement Fixations Test. RBT: Rose Bengal test       
PCR: Polymerase Chain Reaction.  
 
Table 3 
 Brucellosis prevalence in small ruminant in the Maghreb based on the studies 
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1.2. Brucellosis control programs  
1.2.1. Small ruminant 
Algeria and Tunisia performed a vaccination program by B. melitensis Rev.1 
vaccine since 2005 and 1991 respectively (Plommet, 1992; MADR, 2005). The first 
national vaccination campaign concerned all female sheep and goats as well as breeding 
males from the age of three months. Then, annual vaccination interests only the young 
females as well as the young future breeding males born during the year (Plommet, 1992; 
MADR, 2005). In Morocco, actually, there has been no control program for small 
ruminants in the country since 2003 after a mass vaccination in the west of the country 
between 1996 and 2003. The motive for ending vaccination is unclear (Ducrotoy et al, 
2015). 
1.2.2. Cattle   
In Algeria, the control method for cattle has been based on the T/S program since 
1995, with serological screening every 6 months (Lounes, 2009). Whereas, Morocco and 
Tunisia have applied a mixed control program (sanitary and medical) since 1990 and 
1993 respectively (Ducrotoy et al, 2015; DSSB, 2020). In Morocco, the infected farms 
are screened every 2 months; the non-infected ones are tested every 6 months, with 
culling the positive reactors. Vaccination interests both infected (negative reactors) and 
non-infected farms, adults (RB51 vaccine) and calves (S19 vaccine). Tunisia performed 
a vaccination of young female bovines with B19 and a T/S of adult female bovines over 
18 months of age. In heavily infected herds, it is associated with vaccination with H38. 
In the three countries, the control programs concern only dairy farms (Ducrotoy et al, 
2015; DSSB, 2020). 
Compensation amounts for slaughtered positive reactor cows differed between 
countries. It accounts for 30% of the butcher's value in Algeria, and 80% of the live 




According to the World Health Organization, brucellosis is the most widespread 
zoonosis in the world. 500,000 cases of human brucellosis are reported per year. 
However, the true incidence is 10-25 much higher (Godfroid et al, 2013a; Mirnejad et 
al, 2017). The present study reveals that the Maghreb is classed in the second position in 
the world regarding the incidence rate of human brucellosis after the Middle East region 
(208 /MP) (Bagheri Nejad et al, 2020).  
In steppe areas, the incidence of brucellosis is particularly important. A study 
conducted by Gabli et al (2015) in the Algerian steppe has revealed a prevalence of 5.7% 
among shepherds and their family, which is due to the presence of B. melitensis in small 
ruminants. Contamination occurs mainly through consumption of raw milk, principally 
from goats, as well as direct contact with animal secretions during parturition (Gabli et 
al, 2015; Ducrotoy et al, 2015; Khbou et al, 2018). 
There is little large-scale information on the actual prevalence of livestock 
brucellosis in Maghreb countries. However, the high incidence observed in the human 
population signifies a widespread presence and high prevalence rates in livestock 
(Bagheri Nejad et al, 2020). Because there is no reference laboratory for brucellosis 
accredited by the World Organization for Animal Health (OIE) in the Maghreb countries, 
Most data on ruminant brucellosis came from serological surveys conducted in limited 
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areas, although bacteriological and molecular-based analysis competences are 
indispensable to confirm positive serological infection and for eventual outbreak 
investigation (biovar determination) (Bagheri Nejad et al, 2020). 
Human brucellosis prevention in the Maghreb and other endemic regions is 
dependent on controlling the disease in small ruminants, the species that harbors B. 
melitensis, the main cause of most human cases. However, due to the high infectivity of 
B. melitensis and the constant mobility of small ruminant herds, eradication programs in 
this species are more difficult than in large ruminants (Musallam et al, 2015; Bagheri 
Nejad et al, 2020).Nevertheless, mixed species breeding and the lack of host specificity 
of different brucella strains implies the inclusion of all livestock in brucellosis control 
programs. 
Brucellosis statue in the Maghreb still recorded the highest incidence rate in both 
human and livestock populations. The application of control and eradication programs 
for decades has not made effective brucellosis mitigation, due to different economic and 
epidemiologic aspects, including: 
Weak breeder involvement in control programs: brucellosis exhibits non-specific 
symptoms, then the real risk of the disease and the benefits of control measures are not 
clear for livestock producers. This can reflect on neglected behaviour and influence 
contributions to control programs (Bagheri Nejad et al, 2020). Furthermore, low or 
absence of compensation associated with T/S measures influences breeder cooperation. 
Continual awareness programs and effective indemnification of breeders are costly and 
need sufficient financial support, unavailable in low income countries (Ahuja et al, 
2020). 
Mixed species breeding: the application of two different programs strategies for two 
species that cohabitate and share the same rangeland pasture (T/S for cattle and 
vaccination for small ruminants) is not judicious and increases the rate of culling cows 
due to possible inter-species contamination. For this reason and regarding the highest 
prevalence rate in cattle, the application of vaccination programs for all livestock species 
is required.  
Dog presence among livestock herds; Dogs can be infected under natural conditions 
by all zoonotic brucella species: brucella canis (B. canis), B. abortus, B. melitensis and 
brucella suis. They can constitute a veritable reservoir for brucellosis and contaminate 
humans and livestock (Hubbard et al, 2018; Hensel, 2018). The existence of dogs among 
herds is constant, particularly in the steppe region (Khbou et al, 2018). Consequently, a 
program for controlling brucellosis in dogs must be implemented by testing/euthanasia 
of the positive reactors. B. canis vaccine is not currently available (Hubbard et al, 2018; 
Hensel et al, 2018). 
Ignorance of potential risk related to wildlife species:  The role of feral animals as 
a brucellosis reservoir for both humans and domestic cattle is frequently mentioned 
worldwide (Godfroid J et al, 2013b; Ndengu et al, 2017). There are no studies about 
wildlife brucellosis in the Maghreb countries. However, the important population of feral 
swine in the forest area and permanent interactions with domestic livestock associated 
with several transmission events from wild swine to cattle recorded around the world 
(Olsen and Tatum, 2017; Shoukat et al, 2017), raise the necessity to include this species 
in control programs. Because there is no vaccine currently agreed (and it’s 
not possible in all circumstances) for controlling swine brucellosis, herd depopulation is 
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the effective way to reduce the incidence of the disease in this animal species (Olsen and 
Tatum, 2017). 
Lack of cross-country and cross-sectoral collaboration: The Maghreb countries are 
connected by a long, porous border marked by permanent herds and human circulation 
(Ducrotoy et al, 2015; Khbou et al, 2018). Therefore, exchange of information about the 
circulating brucella species/biovars, herds movement control, testing strategy and 
eradication measures are essential for improving control measures. Furthermore, in the 
concept of the one health approach, it must be an effective system comprising a common 
human and animal health structure, by systematic reunion, communications and 




Eradicating brucellosis is difficult, expensive and requires time and perseverance. 
The eradication program for brucellosis in the USA took 64 years between 1934 and 
2000 and cost 3.5 billion dollars to obtain a free brucellosis status. Sufficient financial 
support is crucial and is a prerequisite for the effective implementation of control 
programs, especially for T/S measures (Godfroid et al, 2013a). Therefore, control of 
brucellosis through vaccination and control of animal circulation is the best alternative 
for the Maghreb countries with low funding resources. Awareness programs for high 
risk population are required to reduce the sanitary burden of brucellosis.  
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